Introduction
============

Total knee arthroplasty (TKA) is the most cost-effective and safe procedure for restoring function to the arthritic knee joint[@B1]-[@B3]. However, this life-improving procedure also has some complications and postoperative infection is the most dreaded one. Postoperative infection is an important cause of implant failure and revision arthroplasty. Treatment of infection would require long hospitalization and result in high incidences of morbidity and mortality, especially in the elderly. Infection can also cause a great burden to patients\' economic and psychological status.

Schurman[@B4] reported the infection rate as 9.1% in 1981. Improvement of surgical skill, shortening of operation time, and the use of prophylactic antibiotics have helped reduce the rate to 1%-2%[@B5]-[@B7]. In spite of the efforts to prevent infection, orthopedic surgeons still frequently encounter this complication after TKA. The purpose of this article is to improve the knowledge of postoperative infection with a review of the recently published articles.

Risk Factors for Infection
==========================

Epidemiological studies have reported risk factors for infection after TKA. According to Petty et al.[@B8] the risk factors for early infection are patient factors and operation technique. Patient factors include poor nutritional state, diabetes mellitus (DM), old age, obesity (body mass index\>30) and prolonged hospital admission period. They also claimed previous operation history and traumatic events can also be applied risk factors[@B8]. Chun et al.[@B9] reported TKA can be a fine solution to osteoarthritis with DM. However, without great care after treatment, it will lead to an infection. Papavasiliou et al.[@B10] also insisted that steroid injection before operation can lead to infection after operation. Some kinds of inflammatory knee joint diseases can be a risk factor. Rheumatic arthritis (RA) is a serious factor for increasing the incidence of infection after TKA[@B11]. Poss et al.[@B7] also reported RA is the cause of delayed wound healing and poor immune system response. Thus, RA patients have 2.5 times higher rate of postoperative infection than osteoarthritis patients. Of chronic infection, Petty et al.[@B8] claimed periodontal abscess, infection on foot, urological infection and other periprosthetic septic arthritis or osteomyelitis were related to infection.

Cause of Infection
==================

Bacteriological diagnosis is the most important step before planning the treatment of infection following TKA. The effective samples are joint fluid obtained by aspiration, tissue culture specimens taken during operation. Cho et al.[@B12] reported the infection strains are staphylococcus (52.9%), Escherichia coli (5.9%) and anaerobes (2.8%). On the subtypes of staphylococcus, methicillin-resistant staphylococcus aureus (67%) is most common, followed by methicillin-resistant coagulase-negative staphylococcus (22%) in Korea. Stefansdottir et al.[@B13] reported that aerobic Gram-positive bacteria were the sole causative pathogen in 75.1% of the infections and polymicrobial infections accounted for 6.3% and Gram-negative bacteria, 6.1%. Staphylococcus aureus (67.7%) was the most common pathogen, followed by streptococci (19.2%). Song et al.[@B14] reported a case of infection caused by candida albicans. Thus, fungus or mycobacterium tuberculosis could also be one of the causative microorganisms that bring about infection after TKA.

Classification
==============

Of the various factors that should be taken into consideration to treat periprosthetic joint infection, duration of symptoms has been suggested as the most important factor that affects treatment outcomes. Thus, classification of infection is performed according to symptom duration: positive intraoperative culture, early postoperative, acute hematogenous, and chronic infection[@B15]. Positive intraoperative culture can be defined as more than two positive intraoperative culture findings. Early postoperative infection can be diagnosed when patients present with infection symptoms within four weeks after the initial arthroplasty. Acute hematogenous infection is characterized by an acute presentation of symptoms in a previously well-functioning joint after arthroplasty. Chronic infection can be diagnosed by the presence of more than one month of insidious clinical course after initial arthroplasty or if treatment is delayed more than 4 weeks after symptom onset in acute hematogenous infection ([Table 1](#T1){ref-type="table"})[@B16].

Diagnosis
=========

The diagnosis of infection should meet at least three of the five criteria that are presented below: 1) abnormal serology (erythrocyte sedimentation rate \[ESR\]\>30 mm/hour and C-reactive protein \[CRP\]\>1 mg/dL), 2) strong clinical and radiological suspicion of periprosthetic infection, 3) positive joint aspiration culture, 4) evidence of purulence during the subsequent surgical intervention, and 5) positive intraoperative culture[@B17].

1. Physical Examination
-----------------------

The first step of diagnosis is careful physical examination and history taking. The starting point can be guessed by figuring out the period. Infection should be suspected if pain, swelling or erythema unrelated to operation remains. Morrey et al.[@B18] reported pain associated with decreased range of motion may indicate infection. Pain relevant to infection should be considered, if it remains for a long time after operation. Teller et al.[@B19] reported if the fever after operation is more than 37.5℃, sensitivity and specificity to infection are 9% and 96%, respectively.

2. Serology
-----------

ESR and CRP are representative serologic values for diagnosing infection. However, the values are not absolute indications of infection because CRP can be at its highest point after 48 to 72 hours from operation and it will slowly recover to its normal state in 3 weeks. However, it can take more than 3 weeks depending on patient\'s age or condition. Thus, Chun[@B20] insisted the values of serologic test were not absolutely dependable and it should be compared with other examination results. According to Shih et al.[@B21], ESR sensitivity was 82% and specificity was 85% and CRP sensitivity was 86% and specificity was 92%. There are other serologic tests that can be used to determine infection state. Glehr et al.[@B22] reported that procalcitonin and interleukin (IL)-6 were helpful in detecting periprosthetic joint infection. Procalcitonin cutoff level of 0.35 ng/mL revealed a sensitivity of 80% and specificity of 37%. IL-6 cutoff level of 2.55 pg/mL had a sensitivity of 92% and specificity of 59%.

3. Aspiration
-------------

Aspiration is a standard and essential test for infection. Sensitivity could be increased with multiple trials. Leone and Hanssen[@B23] insisted the best approach for aspiration is the lateral side of the upper pole of the patella. In cases of pyogenic arthritis without total knee replacement, the values are white blood count (WBC) of ≥50,000/mm^3^ and neutrophil of ≥80%[@B24]. If cytologic findings of aspirated fluid from a replaced knee joint are WBC of ≥5,000/mm^3^ and neutrophil of ≥65%, deep infection can be diagnosed. In 2007, Traumpz et al.[@B25] reported that the possibility of infection exists if aspiration shows WBC is ≥1,700/mm^3^ or neutrophil count is more than 65%. Dinneen et al.[@B26] also reported that the cutoff value for suspected periprosthetic joint infection is between 1,100/mm^3^ and 1,700/mm^3^. Mason et al.[@B27] reported if aspiration values show WBC of ≥2,500/mm^3^ and neutrophil of ≥60%, the presence of infection is highly likely. On the other hand, Spangehl et al.[@B28] insisted that guidelines for infection should be WBC of \>5,000/mm^3^ and neutrophil of \>80%. According to the guidelines announced by American Academy of Orthopaedic Surgeon (AAOS) in 2010, chronic infection should be diagnosed if WBC is \>1,700 cell/µL and neutrophil is \>65%[@B29].

4. Tissue Culture and Frozen Biopsy
-----------------------------------

Intraoperative tissue culture and frozen biopsy can help diagnose infection. Feldman et al.[@B30] conducted a retrospective study on 33 cases of total hip or knee replacement arthroplasty. In the study, infection could be confirmed if more than 5 multiple nucleated neutrophils were observed in high power field. Della Valle et al.[@B31] defined infection as observation of 10 neutrophils in 5 different tissues. However, Cho et al.[@B32] reported that successful reimplantation for infected TKA could be achieved despite detection of 5 to 20 neutrophils in frozen biopsy. They insisted that clinical and operative findings are as important as serological and biopsy findings. Booth and Lotke[@B33] reported sensitivity and specificity could be increased by conducting both histological and biological tests together.

Tissue culture is the absolute standard for the diagnosis of periprosthetic infection. Intraoperative culture must be done before injection of antibiotics during surgery. Cultures must be obtained from various tissues such as synovium, synovial fluid, intramedullary tissue, granular tissue and bone. Chun[@B20] reported that if tissue culture is negative and other clinical examinations suggest infection, infection treatment should be initiated. If tissue culture is positive and other examinations are negative, it indicates a false positive for tissue culture.

5. Other Examinations
---------------------

For early diagnosis, bone scan can be more useful than simple radiography. To increase the accuracy of diagnosis, a technetium 99 m labeled WBC scan can be used. Palestro et al.[@B34] reported that increased accuracy of diagnosis of infected knee prostheses could be obtained by using both an isotope as indium-111 and methyl diphosphste-sulfur colloid.

Sonication is a recently introduced method to increase the accuracy of diagnosis. Achermann et al.[@B35] evaluated the value of multiplex polymerase chain reaction (PCR) for detection of microbial DNA in sonication fluid from removed implant. The removed implant was sonicated, and the resulting sonication fluid was cultured and subjected to multiplex PCR. The pathogen was identified by the multiplex PCR in 78.5% of the cases.

The Algorithm for Diagnosis
===========================

In 2010, AAOS released an algorithm for diagnosis of periprosthetic joint infections of the hip and knee[@B29]([Fig. 1](#F1){ref-type="fig"}).

Treatment
=========

Although there are numerous treatments for periposthetic joint infection, the single goal is providing painless and functional joint without infection. Thus, the selection for proper treatment option must be based on carefully established criteria. The treatment options include antibiotic suppression alone, debridement with antibiotics, single-stage prosthetic exchange, second-stage arthroplasty, arthrodesis, and amputation. Currently, second stage revision arthroplasty is the gold standard for the treatment of infected TKA. However, if infection remains after all these treatments, amputation can be considered. Bone cement with antibiotics increases the concentration of antibiotics at the local region to prevent infection. Chiu et al.[@B36] reported a decreased infection rate in 44 patients with a history of DM after primary TKA.

Indications for conservative treatment without implant removal are very limited: 1) early infection is present after TKA, 2) stability of implants is firm and, 3) cultured bacteria are weak compared to other cases[@B37].

1. Antibiotic Suppression
-------------------------

Antibiotic treatment alone cannot eradicate deep infection. Thus, it cannot be used on young or active patients. It can be used as a suppressive treatment only in a few conditions: the microorganism has low virulence, the microorganism is susceptible to oral antibiotics, the implant is well-fixed and/or the patients have a medical condition that cannot endure an operative procedure.

2. Debridement with Antibiotics
-------------------------------

Irrigation and debridement without prosthesis removal, in addition to antibiotic treatment, can be used in patients with acute symptoms. In case of the well-fixed prosthesis with acute infection, irrigation with debridement can be a very useful treatment option. The reported success rate of irrigation and debridement varies from 16% to 80%[@B38]-[@B40]. However, if infection affects multiple joints, prosthesis loosening observed and the duration of infection is longer than 30 days, the prosthesis must be removed.

3. Single-Stage Prosthetic Exchange (One-Stage Arthroplasty)
------------------------------------------------------------

Single-stage prosthetic exchange is a strenuous treatment option since it removes prosthesis with resection and reimplants all components in a single operation. Single-stage prosthetic exchange has advantages such as limiting the number of surgeries and recovery time that leads to decreased expenses. The antibiotics act as a local therapy when mixed in cement for fixation of prosthesis. Freeman et al.[@B41] insisted one-stage revision can be performed if the patient shows mild symptoms of infection without fistula, culture results of gram positive bacteria are identified and systemic toxic reaction is not observed. Jenny et al.[@B42] also reported one-stage reimplantation can be successful in chronically infected TKA, showing no infection recurrence at 3 year follow-up. The reported success rate of direct exchange varies widely from 73% to 100%[@B43]-[@B45]. However, single-stage prosthesis has limited indication. It can be performed on patients whose medical condition cannot endure multiple operations and for infection by a single pathogen that is non-resistant and non-virulent.

4. Second-Stage Arthroplasty
----------------------------

Second-stage arthroplasty consists of first stage debridement and delayed antibiotic treatment. After 4 to 6 weeks of follow-up, second-stage arthroplasty is performed if serological examination results are within normal range[@B46]. After first stage debridement, a static spacer or an articulating spacer made from antibiotic mixed cement can be placed in the joint space. Inserting an articular space can solve the complication caused by prolonged immobilization of the joint with use of a static spacer. By inserting an articulating spacer, soft tissue contracture can be prevented and early range of motion can be obtained. It can also help use a suitable approach and increase the range of motion after revision arthroplasty[@B33],[@B47]. Hoffmann et al.[@B48] reported that the average range of motion was 101° in 26 cases. Lee and Choi[@B49] reported that a temporary articulation system composed of an autoclaved femoral component, a resterilized polyethylene insert and antibiotic-impregnated bone cement can be used instead of an articulating spacer. They insisted that their method was effective for eradication of infection as well as for the recovery of soft tissue health and knee function. Second-stage revision arthroplasty using a static or a mobile spacer can be performed after an infection is controlled. Brunnekreef et al.[@B50] reported that the use a mobile spacer promoted better and faster recovery of knee function after operation. They also claimed that using a mobile spacer requires shorter operation time.

5. Arthrodesis
--------------

Before improvement of medical care or antibiotics and operational skills, arthrodesis was the standard treatment for infected arthroplasty. Instead of gaining benefits, such as decreased pain, eliminated infection and stable knee function, patients suffered limitation of social activities due to eliminated knee motion. Thus, this treatment option seems less favorable to most patients and surgeons in present days. However, arthrodesis can be applied to patients with high functional demands, single joint diseases, young age, disruption of extensor mechanism, poor soft tissue that requires wide soft tissue reconstruction, systemic immunocompromise and microorganisms that require highly toxic antibiotic treatment or are resistant to formal antibiotics. Arthrodesis cannot be applied to bilateral knee infection, ipsilateral ankle or hip diseases, or contralateral extremity amputation state. Successful rate of arthrodesis depends on the type of prior knee implant, amount of bone deficiency and arthrodesis techniques. The fixation techniques for arthrodesis are external fixation and internal fixation with intramedullary nail or plate fixation. Intramedullary nailing is the most commonly used techniques with higher rates of union. However, it also has higher risk of recurrent infection.

6. Amputation
-------------

Amputation is the last method after failure of other methods. This treatment has been conducted in only 5% of the infected arthoplasty patients. It is performed in cases of life-threatening systemic sepsis or persistent infection with massive bone loss. Amputation must be performed with the level that maximizes the function and completes eradication of infection. The local muscle transposition of the gastrocnemius during the procedure should be done for dead space management and to envelope the amputation stamp.

Conclusions
===========

TKA has been known as one of the most effective surgical procedures for arthritic patients. However, like all the other procedures, TKA has complications, and infection is the most disastrous one among them. Infection after TKA increases both morbidity and mortality in patients. Although prevention strategies, such as the administration of prophylactic antibiotics, have reduced the incidence of infection after primary arthroplasty, surgeons still encounter this complication frequently. As dreadful as it seems, there is a solution to this problem. Early diagnosis with sequential treatment can resolve the complication without leaving sequelae. To do so, we must remind that infection can happen randomly to any patients and surgeons should always be careful in every process of procedures.
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